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%ho rroviously suggesioed shock crigi.a ol Giamponds in )

gtony mataorites has beon vorilisd by tho fizdinz ol a
pronosunced praferred erystalicgraphic erieatation in
diamonds froxz tvo of the throo troiliites, Io agrosment
vitah thoory thes only other diamsnds <hich show sueh

structures wers produced Ly anisoiroplic proceszes sulh as
szock, “%
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Introdnction

in grovicus papers (1,3) on the subject of the ar!.gia
| of mstooritic diamends (Isblo 1) I concluded that tha
\ dianonds ia Canyoa Biadblo fornmed by tho shoosk conversion
o grapaito durlng impact G2 ths motoorold vwith tie BEaorth,
The gubzoguent Zindinz of coesite (B) and stishovite (4)
ia the sandstono arcund tho Canyen Diable crater izsdicate
shock pressures of at least 100 xb, Tho shocz-induced
couversion of graghite to dimzond (5) also londs strong
gupport to ika slcck origin of Canyon DRisklo dliaxsoacs,

The uréil&tcs €6) however aro too ==all (Tabls 1) to
have hit the Xarth at speads much greatar than terzimal
volocity fmplying tihat the diazonds could not have formad
during the ursilites' fzpact with the Esrth, X thorelore
s#ggasted (1) that tho diazonds in tions moteorites wore
Iosmed by somd pre-torreuirial shock « probadly the one
occurriag during catastropiic breakup of the ureilites’
pareat body, It is the purposs of this papor to report on
an x~ray study of msteoritic zzd synthotic diazonds undor-
‘tazen to oxauine this sugzestion.




-t Dr. Eichael Lipschutz
Faze 4

The direct coawsrsion ¢f graghite to dizzosnd Is not
& coesplex coo. It i3 nDeowssary only to incrosse tha ine
teratomic distanco within individual carbon planes by
0.13 g%(?igam 1) angd docrexns the interplsnay spaciag
(c-axis) by zbeut 1.83 &, issuming o roodemly orionted
iniinito dintribution of grapiiio ecrystallites, it should
be pozsible to determine whother @ given diz=ond sggregate
was producad Sg shock, inzsoush as cerly those graphite
crystalliton with c-axes parzllisl to the direction of
motiocn of tho sbock will ko converted to diczond. Theo
rosulting dissonds should exhibit 8 prefoerred crystalie
cgraghic orientation ("fihert). Dismosds formed by
hyirostatic (gravitationzl) somprassien, oa timv othkor
hand, will Ehow B2 sach sirucsiture siace bhydrostatic
rreasure acts isorropically in o modicm., In tho actual
cage the situstion may not be gquito 8o simple becsuse of
coenplicating efiocts dus Lo semﬁarsf and rarefaction
(reflection) waves. Hosever, a preferred oriszmtaticn
szculd bo spperent ia at lcaeat soxnoe dizscads Jermed by
-8hocX, o




S } Dr, Hichael Lipschutz
' Fago &

Expoviznental

Specimons from sil throo creilites wore used in this
study. I should 1ike at this point to very grataiully
acknowledge the loan of ths Dyalpur motsorits (Or. E, Clson,
Chicago Eatural HZistory iusewn), sod Goalroara snd Bovo Ured
mateorites and thin ssetions (Or. E. P. Hendorsom, U. S.
Katiossl Masomm). I should also 1ike to thank P. S. DeCaril
(Stanford Dsscarch Isstitute), Dr. 2. E. Yontor? Jr.
{Gonarel Eleciric Resoarch lLaboratery) and H. Warman
Ciational Pureau of Standards) for thalr giits of synthotic
diagonds produced by wasricus techzlques,

Spocinens were proparsd for xeray aazlysis by caveiully
¢cerving or chipping thex cut 80 &8 notl to affect i
possiblo orientation of tho crystallites within esch frag~
zont, The specinens, sach of waich weighad less than about
0.1 mg, wore them eczamined by previously Jdssceridbed
difraction techniwes angd equipment (3) to detersins thair
compesition. Fortunsiely the otker phoses present in the
. specizens did mot poszsss diifraction lincs vwhich would
interfere with those of déizzond,

After voTification of ih0 prozence of dixmond In the
{razseat, the spocineo vas studisd with a Unicam Modol
SA.QS Single Crystal Coalczster (Unicam Inutrusoata Itd.,
Caxbridge, England).
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Stationary x-ray phowgraa;&s wvora ta&e‘n every 10P
with irca~-filtorsd Cofz (for tie (111) disnond plancs)
and zircoaimm = filtered iz (for the (225) apd (311)
plznes of Coalpara diamond)., The sogles p and #
corrosponding to tho cnds ol tho ;miérrad orientatien
zones in ezch set of norpals do tho rofleciizg plazncs
wre msasurad {(7) and then pleited o a polor zlercow
grapaic pet graduated ia =¥ iIncyonents (8) usiag botx
clockwise sad counter-clochwise rotatica. 7heo aost
significant information was obiziued Ire:m the stercoe
graphic prejoctions plotted in clociwise rotation znd
theso wore vzed in tho discussion whlch follows.

Ureilitic Dinncnd Comvosition and iz Bistribation

A1l of tho discroto Gisgond graies wiich I havd
analyzed are polycryaiallioe argregates ccasisting of
diamond, razdosly erientod polzexyntallino graphite, and
cther phases (Table 2).

Th o3 =~ &g doublet of the diamoad (351) plroe
yrovides a useful msasurs of the average crystallite
sizs, From its lack of resclution ia Coalpara, Zachariassa
(3) has estimeted the diamonis to be ~169 4. Tho diznonds
from Dyalpuar and Fovo Ured oo {he other hana ara relatively
cuits large, with those from Oyalzur boing considorably
larger thaa 300 :. |
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Criontation

Figure 2 15 a magnsificatien (2x) of the diffractien
pattora of a Goalpara 'dlamcmd . It should be moted that
tha dismond refloctions ifsnsicatey greacuncsd proferred
oriontation vhile the grophite ism sandonly criented,

Stersographic projzciicnz of the diampnd [111], [£29],

azd [311] directions (Fizures 3 a,b,e,) roveal very
striking; patieras. Tho zpgles indicated ca eaéh FTO~=
Jection ars thoae which that sizmpio cubic plans pakes with
its (311) plass (10). Aa =2y Yo soom, sgreendat 1S quite
geod indicating that tka criaznted planes iz the dizzmoad
are probably tiose parallel to {311).

It i3 well to peuse st this poist z2ad nots that the
sroforrod orientation of Jdiozond indicstive of fozpatica
by an anisdropic process is pressat in Goalpara and
(as will be soon) ia Novo Urei also. Eatural tarre‘strm.
dizzonds have aover boon roported to contain proforred
orientation mor doos an extensive mencoraph (11) oz thozs
siruciures in torresirial rocks aad ainorals make mention
| ©2 thia "fabric™ in diamondg,



Dr. Hichael Lipscimtsz -
o Iage 8

Previcus x-ray studics of hydrestatically-produced
synthkatic dismond (12, 13, 13) do mot iadicate prczerré:ci_
orientation, Tho tvo samples vaich I studied do mot show
such orieatation.

Syatboetic dianoads };i‘:;:‘ucfzi by tho aznisctroplc
arplication of tomporaturs and/or procsure, i.0. by
2iash-hoaticg (313} or by 3005 kb zhock (Fizurs 4), possess
oriented structures. T sterecgraphic rrojections ol theso
data show & grouping st z2vcat » = 702 for the formor and a
single "moco” (compare with Pigure G) at about 40° for the
latter. Diasnonds produccd oy shock at pressuxes signif-
icantly lover than 300 X are vory ;:ciycrystan_.im and do
not bhave dotscotable erigntaticn, Time, in accﬁtd with
theory tio enly diamonds wilceh exhibit preierrod
orientation wors produced by somg anisoiropic process.

Tho xeray pattern of 8 dizsond from Rovo Urei (Figure 5)
iz similar to taat of 300 kb sbock-producsd diamond (Figuro 4).
The stercsographic prolection of tho Nown Trei dats (Figura G)
is difforent in character £rsu that of Goalpara (Figuwre 3 a) -

provably arisinsg from diffcroaces in thelr pressure history.
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Fortunately othoer phases prosent in these two
poteorites can yiold information ca thw ureilites'
precsure~topperature bistory. Oiivino froa lovo Urel
(Figure 7 2) is atill rezsonably single crystal,
2lthough it is Zractured to somo extast. Goalpara olivino
on the othor hand is hoavily fractured (Fizure 7 b) and
in somo regions shows ss*.gzxﬁ of recrystailization zlong
grain boundaries, indicatling oxcursion into temporatures
woll above its melting point. Ioasmuch as the oniy knowa
natural procoss which can dewvelop significant anisotropic
prossure iz slock, it appeoars ressonzble that the dizmonds
in at lcast these tvo urcilites formed in this mammor. It
dos3 not soca 100 exiTome £0 suppesd that Lo dizzwond
formation 284 recrystallization of the olivim? in Coalpara
wors cotezporapecus. Lughos and lNefueon's data {16) oa
shockod elivins (duaite) izdicats that oven at th2 mazioum
pressure studied (709 kb), the tesperature reashoed oaly
720°. At prossures of 400 kb, well into tho diamoad-formizg
roglon, tae temperature risos to less than s00°, Tmms,

' Goalpara which was shocked more severely than Novo Urol, was
probadbly exposod to pressuros considorably ia oxress of
700 kb, | |
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Dismongd from Dyzlpur o3 thw other hand shows RO
proforred orientatica. It is possidle that the dizmonds

in this matscrits were Jorzed by gravitationzl pressure

rather than by shock asz ias Cozliparz aad Hovo Urel.
Tgalpur's textural similariity to tho othor tvwo ureilites
woald argue arainyt dificrent modes 6F dinmoad Ifcrantion
(Ceecax®a Priacizple). ¥o &0 Inmow tint dicmoend produced

by shock st prossures soll delow 300 b does net shovw
preferyred cr;antatm and it uay be that Dyalpur dlzconds
formed at those ralatively lov mszmres. A worae likely
possibility is that ths tomporature of the Dyalpsr

graphites vas Riza excugh to alicw the formation of
wollecrystallizaed dinnond £ron shockemezlted graghite. 4
similar interprotation has boox advansed by Buandy (17)

ia ordar to oxplaia tho formetisa of vory woll=crystallized
graphitoe by the flash-heating of fime-grained polycrystalline
graphite. A dotailed study of the minsralogy ol tho
ursilites is presontly roing made (18) and should holp in
doclding betwesa ths tvo slternatives.
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Fizures 3a, 3b and I¢ show corinia {features which
gay have boaring on the details of shock formation of dismond
im Gomlpara. First, $hovo zoons moo dofvee of assymelry
evident is the distrituticn of Tgrougizngs”™ s each B0 of
porsals. Jecosd, ihcre fre Two oronalous Mnides” preseat
in the [292] whichk oorur &t otk $3°, The forvor elfect
zay be ezplainsd by lattics distorflicn of the dicmond
erystallites while tho lattcs noy Lo due to the prosemce
af sooe dissonds formed Ly roreizstion wRYOS o By sccondary
shocks, ZLunothor foniure vaich vay be of aiznificonce is that
i ' aopoar to be only & few grouniags atl sbout 510. This

cifect zay caly bo as gpporont ose inassoech 23 the zorves in
s g

y)

tno Coalpara [011] sre qulie extendod sod norkedly overlap

tze 51° 1ine. Tho only 5*.1:%:1* renonnotie nateh for the
crevpings would bo by ploncs parallal to the (2:09). Vere
thoso the cricated planes housved, Be would not cxpoct the
g;.-%,s; at ghout 22° in the [223] or 2% about 60° 1n tae {1X1].
It iz possible that ihe cohucrved disiributing of axcs is dun
to some combingtica of oricated (119) and(3ll) ploxes, althoush

. ¢ze avsllsble evidonoe fovers the inlerpreiaztion of the

erionted plapses being zovallel to (311) =xnly.
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From moltooritic and ariificially shogk-zroaduced dlaxonds
sone sugzoctions concerning the vochanizn of shoek converaion
of grephite to dleomond con Vo xade, At proosures vell below

23 kb palyerystalilisg finc-rrained dlamesd apparently forsa
ron polyerystalline rophils sezuibly Wy cm.:::‘esaim of
Thocbehedral grashits ouly {5). Frou pressures of about

T3 K o well alove Y30 hu b0 selid-sinte roaciion invalves
conversion of the rasel (0212 pleze of praphite to dizmond
(311), o oossibly sonp conbination of {211) sund {112). At

- very bizh precoures tie coniorsicon nay invelve tho kg“wtmﬁical
"eataldic cerbos™ postulaﬁeﬁ ty Litly (13) or the formation

of dizmond from shoch-nelied gropalie.

CNTLNLINHES

The sirmliaccousz pracencs of raabdblte, <ditzond dnd
Kapacite ia 21l of tho urelildlic “dimmsonds”™ which I haove
investiguted shove thnt fhoos 2oins are ot equilibvries
asserblsges, Stodios at 56233 snd 190 kb (Z1) show that
prenhite {oxie o Slavond shows rroferzed orienistion. |
Is 8% least two meicoriies, bhovever, 4T 1s the dizsonds
which ares orionted £d in gll dlzswmodlicraus motooritss the

raphite is polveyratalling gud Faodorly oriented., Thum,
ho penphkite connat hive Toroed fron dlomend, 4n thoe other
boad, thoory przdicis thal shodi-faresd cismond would ghow
preferentisl oxignfation. It thus sppears kot all meteoritice
diasonds forsad by shock ratbor thon by gravilsticnsl compression
of graphite (24),
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